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ABSTRACT 



A communications system includes a first modem and a 
second modem. The first modem is adapted to modulate and 
demodulate data in accordance with a set of operating 
parameters and transmit a request to change one of the 
operating parameters. The second modem is coupled to the 
first modem and adapted to modulate and demodulate data 
in accordance with the set of operating parameters, receive 
the request to change one of the operating parameters, and 
send a primitive synchronization signal to the first modem. 
The first modem is adapted to implement the change in 
response to receiving the primitive synchronization signal. A 
method for communicating messages requiring synchroni- 
zation includes receiving symbols in a modem; analyzing 
the symbols to identify a primitive synchronization signal; 
and modifying a physical layer operating parameter of the 
modem in response to identifying the primitive synchroni- 
zation signal. 
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COMMUNICATION DEVICE WITH 
PRIMITIVE SYNCHRONIZATION SIGNAL 

BACKGROUND OF THE INVENTION 5 

1. Field of the Invention 

This invention relates generally to communication 
devices, and, more particularly, to a communication device 
that employs a synchronous primitive signal for coordinat- 10 
ing synchronous events. 

2. Description of the Related Art 

In communications systems, particularly telephony, it is 
common practice to transmit signals between a subscriber 
station and a central switching office via a two- wire, 15 
bi-directional communication channel. The Plain Old Tele- 
phone System (POTS), designed primarily for voice 
communication, provides an inadequate data transmission 
rate for many modern applications. To meet the demand for 
high-speed communications, designers have sought innova- 20 
tive and cost-effective solutions that take advantage of the 
existing network infrastructure. Several technological 
advancements have been proposed in the telecommunica- 
tions industry that make use of the existing network of 
telephone wires. One of these technologies is the xDSL 25 
technology. DSL technology uses the existing network of 
telephone lines for broadband communications. An ordinary 
twisted pair equipped with DSL interfaces can transmit 
videos, television, and high-speed data. 

DSL technologies typically leave the POTS service undis- 30 
turbed. Traditional analog voice band interfaces use the 
same frequency band, 0-4 Kilohertz (kHz), as telephone 
service, thereby preventing concurrent voice and data use. A 
DSL interface, on the other hand, operates at frequencies 
above the voice channels from 100 kHz to 1.1 Megahertz 35 
(MHz). Thus, a single DSL line is capable of offering 
simultaneous channels for voice and data. 

DSL systems use digital signal processing (DSP) to 
increase throughput and signal quality through common 4Q 
copper telephone wire. Certain DSL systems provide a 
downstream data transfer rate from the DSL Point-of- 
Presence (POP) to the subscriber location at speeds of about 
1.5 Megabits per second (MBPS). The transfer rate of 1.5 
MBPS, for instance, is fifty times faster than a conventional 45 
28.8 kilobits per second (KB PS) transfer rate. 

One popular version of the DSL technology is the Asym- 
metrical Digital Subscriber Line (ADSL) technology. The 
ADSL standard is described in ANSI T1.413 Issue 2, 
entitled, "Interface Between Networks and Customer 50 
Installation — Asymmetric Digital Subscriber Line (ADSL) 
Metallic Interface," the most recent revision of which as of 
the filing date of this specification is incorporated herein by 
reference in its entirety. 

ADSL modems use two competing modulation schemes: 55 
discrete multi-tone (DMT) and carrierless amplitude/phase 
modulation (CAP). DMT is the standard adopted by the 
American National Standards Institute. The technology 
employed by DMT ADSL modems is termed discrete multi- 
tone. The standard defines 256 discrete tones. Each tone 60 
represents a carrier signal that can be modulated with a 
digital signal for transmitting data. The specific frequency 
for a given tone is 4.3125 kHz times the tone number. Tones 
1-7 are reserved for voice band and guard band (i.e., tone 1 
is the voice band and tones 2-7 are guard bands). Data is not 65 
transmitted near the voice band to allow for simultaneous 
voice and data transmission on a single line. The guard band 
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helps isolate the voice band from the ADSL data bands. 
Typically, a splitter may be used to isolate any voice band 
signal from the data tones. Tones 8-32 are used to transmit 
data upstream (i.e., from the user), and tones 35-256 are 
used to transmit data downstream (i.e., to the user). 
Alternatively, all the data tones 8-256 may be used for 
downstream data, and upstream data present on tones 8-32 
would be detected using echo cancellation. Because more 
tones are used for downstream communication than for 
upstream communication, the transfer is said to be asym- 
metric. 

Through a training procedure, the modems on both sides 
of the connection sense and analyze which tones are less 
affected by impairments in the telephone line. Each tone that 
is accepted is used to carry information. Accordingly, the 
maximum capacity is set by the quality of the telephone 
connection. The maximum data rate defined by the ADSL 
specification, assuming all tones are used, is about 8 MBPS 
downstream and about 640 KBPS upstream. 

In present ADSL implementations, bits are allocated to 
different carriers according to a "loading" algorithm, such as 
the Water Filling (WF) algorithm or Equal Energy Distri- 
bution (EED) algorithm, for example. The aforementioned 
loading algorithms utilize the signal-to-noise ratio (SNR) 
profile of a channel and a desired SNR margin to allocate 
bits. In general, carriers with higher SNR are able to carry 
more bits than those with lower SNR values. Typically, 
increasing the desired margin reduces the number of bits that 
can be carried by a given carrier. These loading algorithms 
typically attempt to establish either a maximum throughput 
or start with a predetermined throughput and distribute the 
bits required to support that throughput to the least impaired 
tones. After the modem has been trained, dynamic rate 
adaptation or bit swapping techniques may be used to 
change the bit rate in response to improving or degrading 
line conditions. 

Modems typically have a layered architecture. The first 
layer, referred to as the physical layer (PHY) or level 1 is 
responsible for bit processing functions, such as error 
checking, modulating, demodulating, scrambling, etc. Sig- 
nals or messages provided by the physical layer are often 
referred to as primitive signals, as they do not require 
interaction with higher levels for detection. The next layer, 
often referred to as level 2 is responsible for data framing 
and management functions. Current ADSL receivers employ 
a combination of level 1, level 2, and physical link man- 
agement. Level 2 messages are multiplexed into a level 2 
data frame and modulated in the level 1 signal. Physical link 
management messages are communicated in the layer 2 
messages, some of which alter the format of the level 1 
signal. One such type of physical link management message 
is a bit swap message used to adaptively change the number 
of bits or signal strength associated with a particular tone. 

A known bit swapping technique is described in U.S. Pat. 
No. 5,400,322 and incorporated herein by reference in its 
entirety. The technique involves sending a bit swap request 
message to the opposing modem informing the opposing 
modem of the impending bit swap. The opposing modem 
sends a reply message including a symbol counter value at 
which to implement the bit swap. Another known technique, 
described in U.S. Pat. No. 5,479,447 uses a handshaking 
procedure that implements the bit swap a predetermined 
number of symbols after receipt of the acknowledgement 
message. At least one disadvantage of these techniques is 
that they both assume proper functioning of the modems' 
higher level message processing layers to implement oper- 
ating parameter changes in the physical layer. Also, the 
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exchange protocol is not entirely robust in that the modem 
sending the acknowledgement message does not affirma- 
tively know that the other modem has received the acknowl- 
edgement. A bit error in the multiplexed message may 
prevent the acknowledgment from being recognized. 5 
Accordingly the acknowledging modem could change its 
operating parameters undesirably and lose its communica- 
tion link. 

To illustrate the complexity of the exchange necessary to 
transfer and act upon bit swap messages, consider the 10 
following illustration. Bit swap messages include encoded 
parameters that are buffered. During each superframe (i.e., 
predetermined number of grouped frames there are a small 
number of bytes available to encode commands, such as bit 
swap commands. The buffered commands are transferred 15 
incrementally, superframe by superframe, byte by byte. 
Thus, a bit swap message may span more than one super- 
frame. Error checking codes are added during each super- 
frame. The error checking is also completely independent of 
the bit swap message, so bit swap messages may be included 20 
in more than one RS coding block. The bytes get mixed with 
all the other bytes, including other overhead messages, 
framing messages, and user bytes. The bits of all these bytes 
get mixed up per the bit ordering sequence and assigned to 
tones. The bytes of the bit swap message may end up on 25 
different tones and may share tones with other types of 
information. Eventually the bits are modulated and trans- 
ferred to the receiving modem. For the bit swap message to 
finally get received, the inverses of all the processes 
described above must be successfully be performed. 30 

The present invention is directed to overcoming, or at 
least reducing the effects of, one or more of the problems set 
forth above. 

SUMMARY OF THE INVENTION 35 

One aspect of the present invention is seen in a commu- 
nications system including a first a modem and a second 
modem. The first modem is adapted to modulate and 
demodulate data in accordance with a set of operating 
parameters and transmit a request to change one of the 40 
operating parameters. The second modem is coupled to the 
first modem and adapted to modulate and demodulate data 
in accordance with the set of operating parameters, receive 
the request to change one of the operating parameters, and 
send a primitive synchronization signal to the first modem. 45 
The first modem is adapted to implement the change in 
response to receiving the primitive synchronization signal. 

Another aspect of the present invention is seen in a 
method for communicating messages requiring synchroni- 
zation. The method includes receiving symbols in a modem; 50 
analyzing the symbols to identify a primitive synchroniza- 
tion signal; and modifying a physical layer operating param- 
eter of the modem in response to identifying the primitive 
synchronization signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 55 

The invention may be understood by reference to the 
following description taken in conjunction with the accom- 
panying drawings, in which like reference numerals identify 
like elements, and in which: 

ou 

FIG. 1 is a simplified block diagram of a communications 
system in accordance with the present invention; 

FIG. 2 is a simplified block diagram of a modem in the 
communications system of FIG. 1; and 

FIG. 3 is a flow diagram of a method for communicating 65 
messages requiring synchronization in accordance with the 
present invention. 
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While the invention is susceptible to various modifica- 
tions and alternative forms, specific embodiments thereof 
have been shown by way of example in the drawings and are 
herein described in detail. It should be understood, however, 
that the description herein of specific embodiments is not 
intended to limit the invention to the particular forms 
disclosed, but on the contrary, the intention is to cover all 
modifications, equivalents, and alternatives falling within 
the spirit and scope of the invention as defined by the 
appended claims. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

Illustrative embodiments of the invention are described 
below. In the interest of clarity, not all features of an actual 
implementation are described in this specification. It will of 
course be appreciated that in the development of any such 
actual embodiment, numerous implementation-specific 
decisions must be made to achieve the developers' specific 
goals, such as compliance with system-related and business- 
related constraints, which will vary from one implementa- 
tion to another. Moreover, it will be appreciated that such a 
development effort might be complex and time-consuming, 
but would nevertheless be a routine undertaking for those of 
ordinary skill in the art having the benefit of this disclosure. 

Referring to FIG. 1, a block diagram of a communications 
system 10 is provided. The communications system 10 
includes a first modem 15 coupled to a second modem 20 
through a connection 25. In the illustrated embodiment, the 
first modem 15 is located at a customer premise 30, and the 
second modem 20 is part of a central office 35. The con- 
nection 25 is an ordinary twisted pair connection, as is 
common in present-day telephone networks. However, other 
connection types (e.g., wireless, cellular, etc.) are 
contemplated, depending on the specific implementation. 
Also, it is contemplated that the second modem 20 may not 
be part of the central office 35, but rather the second modem 
20 may be installed in a second customer premise (not 
shown). For purposes of illustration, the modems 15, 20 are 
described as they might be implemented under the ADSL 
protocol (ANSI T1.413). It is contemplated that the tech- 
niques described herein may be applied to other communi- 
cation protocols, depending on the specific implementation. 
The functions described herein may also be implemented in 
other communications devices other than modems. 

In the illustrated embodiment, the second modem 20 acts 
as a gateway to a larger communications network (not 
shown), such as a local or wide area network, or the Internet. 
Typically, the first modem 15 establishes a connection to the 
communications network (not shown) through the second 
modem 20. During the process of establishing the 
connection, the first and second modems 15 and 20 complete 
a training process whereby an initial bit loading technique 
(e.g., water filling, equal energy distribution, etc.) is 
employed to establish the throughput available for commu- 
nication between the modems 15, 20. 

Although the present invention is described as it may be 
implemented in a modem, it is contemplated that, in light of 
this disclosure, the invention may be applied to any type of 
transceiver, including, but not limited to, a modem or some 
other wired or wireless communication device. 

Referring to FIG. 2, a simplified block diagram of a 
modem 100 is provided. The modem 100 may be the first 
modem 15 or the second modem 20. For clarity and ease of 
illustration, not all functional blocks are illustrated in detail 
because these items are known to those of ordinary skill in 
the art, and are further defined in well known modem 
standards. 
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The modem 100 includes transmit, receive, and control 
functional blocks 105, 110, 115. The transmit block 105 
includes an encoding unit 120 adapted to receive outgoing 
digital data over a data-out line 122. The encoding unit 120 
performs functions such as cyclic redundancy checking 5 
(CRC), scrambling, forward error correction, and interleav- 
ing. As stated above, these functions are known to those of 
ordinary skill in the art. 

The data in binary form is grouped into sets referred to as 
frames. A plurality of frames (i.e., 68 in the illustrated ao 
embodiment) is referred to as a superframe. The transmit 
block 105 also includes a modulator 125 that receives the 
data frames from the encoding unit 120 and modulates a 
carrier or carriers with the data. The modulator 125 performs 
tone ordering, constellation encoding, gain scaling, and an 15 
inverse discrete Fourier transform (IDFT) function to pro- 
vide time domain waveform samples. The set of time 
domain waveform samples corresponding to a frame of data 
is referred to as a symbol. A cyclic prefix (CP) unit 130 
performs cyclic prefix insertion (i.e., a subset of the output 2 q 
samples from the modulator 125 is replicated and prepensed 
to the existing output samples to provide an overlap and 
allow for better symbol alignment). A buffer 132 stores the 
samples received from the CP unit 130. A digital to analog 
(D/A) converter and filter 135 converts the samples from the 2 s 
CP unit 130 to an analog waveform suitable for transmission 
over the connection 25 through an external line interface 
140. 

The receive block 110 includes an analog to digital (A/D) 
converter and filter 145 that receives an analog waveform 30 
over the connection 25 and samples the analog waveform to 
generate a time domain digital signal. An alignment and 
equalizing unit 150 performs functions known in the art, 
such as symbol alignment and time domain equalization. In 
time domain equalization, because the tones are at different 35 
frequencies, certain frequencies travel faster than others, and 
as such, all the tones do not arrive at same time. The time 
domain equalization function of the alignment and equaliz- 
ing unit 150 delays the faster tones to compensate for the 
propagation speed differences. There is a performance trade 40 
off between the symbol alignment and time domain equal- 
ization functions in that a higher degree of symbol alignment 
accuracy allows a lesser degree of accuracy in time domain 
equalization. Cyclic prefix insertion improves symbol align- 
ment accuracy. The alignment and equalizing unit 150 also 45 
performs gain control to increase the amplitude of the 
received signal. 

A demodulator 155 receives the time domain samples 
from the alignment and equalizing unit 150 and converts the 
time domain data to frequency domain data. The demodu- 50 
lator 155 performs a slicing function to determine constel- 
lation points from the constellation encoded data, a demap- 
ping function to map the identified constellation point back 
to bits, and a decoding function (e.g., Viterbi decoding if 
trellis constellation coding is employed). In the case where 55 
the modem operates using the ADSL protocol, the demodu- 
lator 155 also performs tone deordering to reassemble the 
bytes that were divided among the available tones. A decod- 
ing unit 160 in the receive block 110 performs forward error 
correction, CRC checking, and descrambling functions on 60 
the data received from the demodulator 155. The recon- 
structed data provided by the decoding unit 160 represents 
the sequential binary data that was sent by the interfacing 
modem (not shown). The reconstructed data is provided to 
a data-in line 165. 65 

'Yhc control block 115 includes a synchronization unit 170 
for communicating primitive synchronization signals for 
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events requiring synchronization with the opposing modem 
(not shown). As described above, certain messages, such as 
bit swap messages are level 2 messages that cause a change 
in the operation of the physical layer functions performed by 
the transmit and receive blocks 105, 110. As used herein a 
primitive signal is a signal (e.g., waveform) or message 
(e.g., bits) that does not require interaction with the level 2 
functions to be understood. The application of the present 
message is not limited to Level 2 messages, as even higher 
levels of multiplexing using a more complex language may 
encoded. 

Receipt of the primitive synchronization signal is an 
affirmative indication that the sending modem is ready to 
implement the change to the physical layer operations. The 
operation of the synchronization unit 170 is described as it 
may be implemented in an independent unit, however, it is 
contemplated that the functions may be integrated into other 
units in the transmit and receive blocks 105, 110. 

The following example illustrates how the synchroniza- 
tion unit 170 operates during a bit swap evolution. As 
defined in the ADSL standard, the modem 100 may change 
the number of bits by issuing a bit swap request over the 
ADSL overhead channel (aoc). Typically, a bit swap request 
is initiated in response to a change in the operating charac- 
teristics of the line (e.g., increase or decrease in 
impairments). Consider the case where the modem 15 is 
requests a bit rate change from the modem 20 at the central 
office 30. The modem 15 sends a bit swap request message 
(i.e., a level 2 message embedded in the data frame) to the 
modem 20 to increase or decrease the number of bits for a 
particular tone. An aoc message includes a message header 
(i.e., 11111111) that signals the modem 20 of the impending 
aoc message. The message header is followed by an 8-bit 
command field. Per the ADSL standard, a command field 
value of 00000001 designates increasing the number of 
allocated bits by one and a command field value of 
00000010 designates decreasing the number of allocated bits 
by one. The command field is followed by an 8-bit tone 
index designating the particular tone for which to change the 
number of bits. The ADSL standard also defines an extended 
bit swap request where the number of bits for a plurality of 
channels can be changed simultaneously. The extended bit 
swap request message includes a message header of 
11111100. Six command field and tone index pairs are 
transmitted to designate the type of change and the particular 
tone. 

The bit swap request message (i.e., normal or extended) 
may be repeated by the modem indefinitely until the request 
is acknowledged. Alternatively, the request may be repeated 
a predetermined number of times. After receiving the bit 
swap request, the modem 20 at the central office 30 responds 
with a bit swap acknowledge message (i.e., also a that 
includes a message header (e.g., 11111111), an acknowledge 
command (e.g., 11111111). Again, the acknowledgement 
message may be repeated indefinitely or for a predetermined 
number of times. Upon receipt of the acknowledge message, 
the modem 15 that initiated the bit swap request is affirma- 
tively aware that the other modem 20 is expecting a physical 
layer change. 

The synchronization unit 170, after receiving indication 
of the acknowledgement message (e.g., a trigger bit set in a 
register (not shown)) sends a primitive synchronization 
signal to the other modem 20. Because primitive signals are 
detected in the physical layer, there is a higher probability 
that it will be received and understood by the modem 20. 
Upon receipt of the primitive synchronization signal, the 
modem 20 implements the operating parameter change. The 
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modem 20 may implement the change for the current frame Turning now to FIG. 3, a flow diagram of a method for 
that includes the primitive synchronization signal, or at communicating messages requiring synchronization is pro- 
some predetermined number of frames, superframes, or vided. In block 300, a symbol is received in a modem 100. 
symbols thereafter. Because the trigger for the operating The symbol is analyzed in block 310 to identify a primitive 
parameter change is a primitive signal, as opposed to a level 5 synchronization signal. A physical layer operating parameter 
2 message, the reliability of the exchange is increased, of the modem 100 is modified in response to identifying the 
thereby reducing the probability that one modem 15, 20 will primitive synchronization signal in block 320. 
implement the change without the other. Although the use of the physical layer acknowledgement 
This increased reliability is illustrated below by the fol- signal is described above as how it may be implemented in 
lowing exemplary primitive signaling methods, The primi- 1Q a bit swap exchange, the application of the present invention 
tive synchronization signal may be either a signal or a is not so limited. It is contemplated that it may be used as a 
message. A physical layer data frame may be defined as the general purpose primitive synchronization signal throughout 
raw bits generated from the symbol by the demodulator 155 training, probing, and data modes. It may be used to coor- 
(i.e., after the tone deordering). A message may be embed- dinate power changes or changes in power management 
ded in the physical layer data frame in a number of ways. For slate - Current ADSL modems use open loop training proce- 
example, the bits associated with a predetermined tone or dures tnat relv 0D counting for alignment, rather than direct 
known good tone could be reserved for the primitive syn- feedback. The primitive synchronization signal may be used 
chronization signal. If the bits match a predetermined durin 8 lhe trainin g process to replace the counting tech- 
pattern, receipt of the primitive synchronization signal is nic l ue * 

recognized. The bits may include a checksum or cyclic ^ P articular embodiments disclosed above are illustra- 

redundancy check component to increase the reliability of 20 ^ onl > r ' L as the inv f ntion ma y be modified and Policed in 

the message transfer. Another technique is to modulate the d u lfferent equivalent manners apparent to those skilled in 

message onto the most significant bits of several tones. ' he t . art havin S / he , * enefit of t thf \ T< ™^ 

Because the most significant bits are the most reliable, the ^n^^^nrlc" 1 t ' T tu u a 

.j 4VC . rn, construction or design herein shown, other than as described 

probabili y of message identification is increased. The mes- 25 m the daims bdow It fs therefore evidem ^ me kular 

sage could be encoded onto tones normally reserved for embodiments disclosed above may be altered or modified 

peak to average ratio (PAR) reduction in another embodi- and all such variations are considered within the scope and 

menl ; spirit of the invention. Accordingly, the protection sought 

Still another example of a primitive synchronization tech- herein is as set forth in the claims below, 

nique is to dedicate of the primitive is to use some of the 3Q What is claimed: 

tones exclusively for primitive signaling modulation. In 1. A communications device, comprising: 

other words, an independent transmission path may be a first i ayer adapted to receive a plurality of transmit 

formed using some of the tones, and these tones could be f raraes and modulate the transmit frames to generate 

used for primitive level communications to control the rest transmit symbols based on a act of physical layer 

of the tones. The commands implemented, such as bit swap 35 operating parameters; and 

requests would have no effect on the channel (i.e., dedicated a svnchronization unit adapted to receive a primitive 

tones) used to carry the message, thus achieving a higher synchronization signal and change at least one of the 

degree of separation^ One way to implement such a dedi- h ical la tin parameters at a first ^ 

cated path is to use the simple G.handshake modulator that instant deterrnined based OD recei t of the rimitive 

is typically used to start an ADSL connection. This modu- 40 synchronization signal. 

lator could simply be kept running and used to carry physical 2 ^ communications device of claim lf wherein first 

layer to physical layer communication independent of the layer is ad ted t0 receive a luralit of receive bols and 

more complex modulation existing for the standard ADSL demodu i ate the receive symbols to generate a plurality of 

transmissions. receive frames, and the primitive synchronization signal is 

Various signaling techniques may also be used to generate 45 encoded in one of the receive frames, 
the primitive synchronization signal. For example, the 3. ^ communications device of claim 2, wherein each 
primitive synchronization signal may comprise a predeter- rece ive frame includes subsets of bits, each subset being 
mined number of consecutive synchronization symbols, the associated with a particular tone, and the primitive synchro- 
stoppage of the signal for a predetermined number of nization signal is encoded in a most significant bit of at least 
symbols, a phase reversal of the pilot tone for one or more 50 one 0 f the subsets. 

symbols, a phase reversal of the synchronization symbol for 4. The communications device of claim 2, wherein each 

one or more superframes. receive frame includes subsets of bits, each subset being 

The particular signal constructs described above for gen- associated with a particular tone, and the primitive synchro- 

erating signals and messages are provided for illustrative nization signal is encoded in at least one of the subsets, 

purposes. It is contemplated that many signal and message 55 5. The communications device of claim 1, wherein first 

constructs are possible depending on the specific applica- layer is adapted to receive a plurality of receive symbols and 

^ 0D - the primitive synchronization signal is included in at least 

In another embodiment, the bit swap request from the one of the receive symbols, 
initiating modem 15, may be followed by a primitive 6. The communications device of claim 5, wherein the 
acknowledgement signal from the opposing modem 20 60 primitive synchronization signal comprises at least one of a 
instead of the normal level 2 acknowledgement message. predetermined number of consecutive synchronization 
The initiating modem 15 may then choose to implement the symbols, a stoppage of the receive symbols for a predeter- 
operating parameter change immediately upon receipt of the mined number of symbols, a phase reversal of a pilot tone 
primitive acknowledgement signal, or send a subsequent for at least one symbol, and a phase reversal of a synchro- 
primitive synchronization signal. The exchange of compli- 65 nization symbol for at least one superframe. 
mentary primitive signals further increases the reliability of 7. The communications device of claim 2, wherein each 
the exchange. receive frame includes subsets of bits, each subset being 
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associated with a particular tone, and the physical layer 
operating parameter includes a number of bits in at least one 
of the subsets. 

8. The communications device of claim 2, wherein each 
receive frame includes subsets of bits, each subset being 5 
associated with a particular tone, and the physical layer 
operating parameter includes a signal power associated with 

at least one of the subsets. 

9. The communications device of claim 1, wherein at least 
one of the transmit frames includes a request to change one 
of the physical layer operating parameters. 

10. The communications device of claim 2, wherein at 
least one of the receive frames includes a request to change 
one of the physical layer operating parameters. 

11. The communications device of claim 2, wherein the 
receive symbol includes a plurality of tones, at least one of 15 
the tones being reserved for carrying the primitive synchro- 
nization signal. 

12. A communications system, comprising: 

a first modem adapted to modulate and demodulate data 
in accordance with a set of operating parameters and 20 
transmit a request to change one of the operating 
parameters; and 

a second modem coupled to the first modem and being 
adapted to modulate and demodulate data in accor- 
dance with the set of operating parameters, receive the 25 
request to change one of the operating parameters, and 
send a primitive synchronization signal to the first 
modem, wherein the first modem is adapted to imple- 
ment the change at a first time instant determined based 
on receipt of the primitive synchronization signal. 30 

13. The communications system of claim 12, wherein the 
first modem is adapted to receive a plurality of receive 
symbols from the second modem, demodulate the receive 
symbols to generate a plurality of receive frames, and 
decode the receive frames to identify the primitive synchro- 35 
nization signal. 

14. The communications system of claim 13, wherein 
each receive frame includes subsets of bits, each subset 
being associated with a particular tone, and the primitive 
synchronization signal is encoded in a most significant bit of 40 
at least one of the subsets. 

15. The communications system of claim 13, wherein 
each receive frame includes subsets of bits, each subset 
being associated with a particular tone, and the primitive 
synchronization signal is encoded in at least one of the 45 
subsets. 

16. The communications system of claim 12, wherein first 
modem is adapted to receive a plurality of receive symbols 
from the second modem, and the primitive synchronization 
signal is included in at least one of the receive symbols. 50 

17. The communications system of claim 16, wherein the 
primitive synchronization signal comprises at least one of a 
predetermined number of consecutive synchronization 
symbols, a stoppage of the receive symbols for a predeter- 
mined number of symbols, a phase reversal of a pilot tone 55 
for at least one symbol, and a phase reversal of a synchro- 
nization symbol for at least one superframe. 

18. The communications system of claim 13, wherein 
each receive frame includes subsets of bits, each subset 
being associated with a particular tone, and the operating 60 
parameter includes a number of bits in at least one of the 
subsets. 

19. The communications system of claim 13, wherein 
each receive frame includes subsets of bits, each subset 
being associated with a particular tone, and the operating 65 
parameter includes a signal power associated with at least 
one of the subsets. 



20. The communications device of claim 13, wherein the 
receive symbol includes a plurality of tones, at least one of 
the tones being reserved for carrying the primitive synchro- 
nization signal. 

21. The communications system of claim 12, wherein the 
second modem is adapted to implement the change at a 
second time instant determined based on sending of the 
primitive synchronization signal. 

22. The communications system of claim 12, wherein the 
first modem is adapted to implement the change at a second 
time instant determined based on sending of the primitive 
synchronization signal. 

23. A communications system, comprising: 

a first modem adapted to modulate and demodulate data 
in accordance with a set of operating parameters and 
transmit a request to change one of the operating 
parameters; and 

a second modem coupled to the first modem and being 
adapted to modulate and demodulate data in accor- 
dance with the set of operating parameters, receive the 
request to change one of the operating parameters, and 
send an acknowledgement message to the first modem, 

wherein the first modem is further adapted to send a 
primitive synchronization signal in response to receiv- 
ing the acknowledgement message, and second modem 
is further adapted to implement the change in the set of 
operating parameters at a first time instant determined 
based on receipt of the primitive synchronization sig- 
nal. 

24. The communications system of claim 23, wherein the 
second modem is adapted to receive a plurality of receive 
symbols from the first modem, demodulate the receive 
symbols to generate a plurality of receive frames, and 
decode the receive frames to identify the primitive synchro- 
nization signal. 

25. The communications system of claim 24, wherein 
each receive frame includes subsets of bits, each subset 
being associated with a particular tone, and the primitive 
synchronization signal is encoded in a most significant bit of 
at least one of the subsets. 

26. The communications system of claim 24, wherein 
each receive frame includes subsets of bits, each subset 
being associated with a particular tone, and the primitive 
synchronization signal is encoded in at least one of the 
subsets. 

27. The communications system of claim 23, wherein 
second modem is adapted to receive a plurality of receive 
symbols from the first modem, and the primitive synchro- 
nization signal is included in at least one of the receive 
symbols. 

28. The communications system of claim 27, wherein the 
primitive synchronization signal comprises at least one of a 
predetermined number of consecutive synchronization 
symbols, a stoppage of the receive symbols for a predeter- 
mined number of symbols, a phase reversal of a pilot tone 
for at least one symbol, and a phase reversal of a synchro- 
nization symbol for at least one superframe. 

29. The communications system of claim 24, wherein 
each receive frame includes subsets of bits, each subset 
being associated with a particular tone, and the operating 
parameter includes a number of bits in at least one of the 
subsets. 

30. The communications system of claim 29, wherein 
each receive fame includes subsets of bits, each subset being 
associated with particular tone, and the operating parameter 
includes a signal power associated with at least one of the 
subsets. 
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31. The communications device of claim 24, wherein the 
receive symbol includes a plurality of tones, at least one of 
the tones being reserved for carrying the primitive synchro- 
nization signal. 

32. A method for communicating messages requiring 5 
synchronization, comprising: 

receiving symbols in a modem; 

analyzing the symbols to identify a primitive synchroni- 
zation signal; and 

modifying a physical layer operating parameter of the 
modem at a first time instant determined based on 
identification of the primitive synchronization signal. 

33. The method of claim 32, wherein analyzing the 
symbols includes: 

demodulating the symbols to generate a plurality of 

receive frames; and 
decoding the receive frames to identify the primitive 

synchronization signal. 

34. The method of claim 33, wherein each receive frame 20 
includes subsets of bits, each subset being associated with a 
particular tone, and decoding the receive frames includes 
decoding a most significant bit of at least one of the subsets. 

35. The method of claim 33, wherein each receive frame 
includes subsets of bits, each subset being associated with a 25 
particular tone, and decoding the receive frames includes 
decoding at least one of the subsets. 

36. The method of claim 32, wherein identifying the 
primitive synchronization signal comprises identifying at 
least one of a predetermined number of consecutive syn- 30 
chronization symbols, a stoppage of the receive symbols for 

a predetermined number of symbols, a phase reversal of a 
pilot tone for at least one symbol, and a phase reversal of a 
synchronization symbol for at least one superframe. 

37. The method of claim 33, wherein each receive frame 35 
includes subsets of bits, each subset being associated with a 
particular tone, and modifying the physical layer operating 
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parameter includes modifying a number of bits in at least 
one of the subsets. 

38. The method of claim 33, wherein each receive frame 
includes subsets of bits, each subset being associated with a 
particular tone, and modifying the physical layer operating 
parameter includes modifying a signal power associated 
with at least one of the subsets. 

39. The method of claim 32, further comprising modu- 
lating a transmit frame to generate a transmit symbol, 
wherein the transmit frame includes a request to change one 
of the physical layer operating parameters. 

40. The method of claim 32, wherein at least one of the 
symbols includes a request to change one of the physical 
layer operating parameters. 

41. The method of claim 32, wherein the symbols include 
a plurality of tones, and analyzing the symbols includes 
analyzing at least one tones reserved for carrying the primi- 
tive synchronization signal. 

42. The method of claim 30, wherein the modem com- 
prises a first modem; and the method further comprises: 

sending the primitive synchronization signal from a sec- 
ond modem; and 

modifying a physical layer operating parameter of the 
second modem at a second time instant determined 
based on the sending of the primitive synchronization 
signal. 

43. An apparatus for communicating messages requiring 
synchronization, comprising: 

means for receiving symbols in a modem; 

means for analyzing the symbols to identify a primitive 
synchronization signal; and 

means for modifying a physical layer operating parameter 
of the modem at a first time instant determined based on 
identification of the primitive synchronization signal. 

* * * * * 
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